INTRODUCTION {#sec1-1}
============

Past two decades have seen rise in the interest in the disorders related to cognitive degeneration. An increasing interest on predementia clinical features of the cognitive degenerative disorders is on the rise with the hope that in the near future the earliest symptoms of the disorder will be evident long before the gross functional impairment becomes manifest. This has lead to the emergence of the construct of mild cognitive impairment (MCI) which purports to describe the predementia phase of the cognitive dysfunction. The term MCI was introduced by Reisberg *et al*., in 1988,\[[@ref1]\] and the first diagnostic criteria of MCI was published in the Archives of Neurology in 1999.\[[@ref2]\] These criteria were examined, criticized, and validated, and there has been a rapid increase in the literature in the field worldwide resulting in the modification of the diagnostic criteria a few times. The research in the field is still considered to be in its nascent phase and it is the source of one of the principal interest points of the clinical professionals and researchers working in the field of dementia.

Although variations in definitions have been noted, MCI, in brief, refers to a syndrome with greater cognitive decline in comparison to an individual\'s age and education but exhibits no notable decline in activities of daily life (ADL).\[[@ref3]\] Individuals with MCI have variable and subtle cognitive changes. MCI symptoms include almost normal general impairment in cognitive functioning (thinking, understanding, and decision-making), near normal ADL, little or no changes in personality, subtle memory impairment as well as deterioration in other cognitive domains, and decision-making. MCI diagnostic criteria proposed by an international working committee on MCI include the following four conditions for MCI diagnosis: "(i) The person is neither normal nor demented; (ii) There is an evidence of cognitive deterioration shown by either objectively measured decline over time and/or subjective report of decline by self and/or informant in conjunction with objective cognitive deficits; and (iii) The ADL are preserved, and the complex instrumental functions are either intact or minimally impaired."\[[@ref4]\]

As stated above, this rapid growth in the interest in the MCI research is the consequence of the recognition of the importance of early detection of predementia symptoms. The early identification of MCI is necessary principally because of three reasons: (1) Certain features of MCI overlap with irreversible and progressive dementing illnesses-like Alzheimer\'s disease (AD) (2) There is also a higher likelihood of progression from MCI to AD. (3). MCI is also difficult to differentiate from normative age-related cognitive changes posing a difficulty in differential diagnosis. In India, growing interest in MCI research is becoming apparent.\[[@ref5][@ref6][@ref7]\]

The necessity for detection of the cognitive degenerative disease process at an early-stage has also lead to the development of different diagnostic methods. Like other disorders with neurocognitive features, the diagnosis of MCI requires validating the clinical diagnosis with neuroimaging and neuropsychological findings. However, detailed neuropsychological testing is difficult to conduct due to monetary and time constraint. Hence, the use of screening tests is largely popular in the diagnosis of degenerative cognitive impairment due to its brevity and the chance of bedside application in the patient population. In the community studies, screening test applications are preferred for the same reason. The most widely used tool is the Mini-Mental Status Examination (MMSE).\[[@ref8]\] Several previous researches have showed that MMSE lacks sensitivity in detecting the early signs of dementia and present ceiling effect, resulting in false-negative diagnosis mostly.\[[@ref9][@ref10]\] Hence, in spite of its wide use MMSE has been criticized and other cognitive screening tests are being developed in accordance with particular clinical and research requirement. Some of the tests that are widely used all over the world are the Montreal Cognitive Assessment (MoCA),\[[@ref11]\] Addenbrooke\'s Cognitive Examination,\[[@ref12]\] Short Portable Mental Status Questionnaire,\[[@ref13]\] and Short Test of Mental Status (STMS).\[[@ref14]\] A search of existing literature shows that STMS, developed by Kokmen *et al*.,\[[@ref14]\] is short yet comprehensive and shows higher sensitivity in MCI detection; thus, STMS was selected for the present purpose. STMS includes subtests that try to measure and screen for most of major cognitive functions that includes: orientation to self, time and place, attention, learning, memory, visuoconstructional ability, and executive functioning. STMS includes seven subtests; these subtests are orientation, attention, learning, arithmetic calculation, abstraction, information, construction, and recall.

Keeping in mind that MCI is a significant health problem under recognized and under diagnosed in the community; the present study purports to standardize STMS for using as a cognitive screening tool in the community-living elderly people in Kolkata. It also purports to compare the effectiveness of STMS as a screening tool with the clock-drawing test (CDT), as CDT is also widely used as a cognitive screening tool for assessing cognitive functioning and screening for dementia, especially in the primary care setting.\[[@ref15][@ref16]\] The specific aims of the present study are summarized below:

To assess the optimum cutoff score of STMS against Petersen\'s criteria (as gold standard) to detect MCI in a sample of Indian elderly patients from KolkataTo compare the effectiveness of STMS in relation to CDT in the detection of undetected MCI in the community-living elderly populationTo assess the relationship of STMS scores to the risk of getting diagnosed with MCI.

MATERIALS AND METHODS {#sec1-2}
=====================

The present study has been conducted on a sample of 102 community-living elderly people within the age group between 60 and 80 years with a minimum education of 10 years. All the cases have been selected from the upper middle class community-living male and female elderly people living within the jurisdiction of the city of Kolkata. Incidentally, all the cases selected belonged to the Bengali community. In the study, initially, we did not focus on the Bengali community of Kolkata only and hence, other communities were also approached. Consent was obtained from some families, and a few data were also collected from different communities (e.g., Gujarati) other than Bengali. However, at the end of the study, those data were screened out during analysis as the scores of STMS were very low and indicative of the presence of dementing illness. Hence, ultimately, the data included in the study were exclusively on Bengali elderly people. In future, the variation in cut-off score of STMS in other provincial communities living in Kolkata will be investigated). The study was commenced after the design was duly approved by the University Committee of Institutional Research Ethics. Cases with a history suggestive of the current or past psychiatric illness, presence of any physical and mental disability, congenital conditions or life-threatening illness (any kind of terminal illness and complicated medical conditions, e.g., diabetes nephropathy) were excluded from the study; cases were selected using the purposive method of sampling. Specifically, the inclusion and exclusion criteria of the study are presented as follows:

Inclusion criteria {#sec2-1}
------------------

Community-living male and female elderly peopleAged between 60 and 80 yearsMinimum 10 years of education.

Exclusion criteria {#sec2-2}
------------------

History suggestive of current or past psychiatric illnessPresence of any physical and mental disabilityPresence of congenital conditionsPresence of terminal illness.

Instruments {#sec2-3}
-----------

### Semi structured Performa {#sec3-1}

Sociodemographic schedule has been used for obtaining the sociodemographic details as well as the past and present clinical status. The sociodemographic form attempted to gain information about the participants\' name, age, sex, education, marital status, occupation, family type, family income, the presence of significant life event in the past 6 months, and medical history.

### Short test of mental status {#sec3-2}

STMS developed by Emre Kokmen, James Naessens, and Kenneth Offord in 1987 in the Department of Neurology, Mayo Clinic, Rochester, New York, consists of eight subtests: orientation, attention, calculation, abstraction, information, construction, and recall. Orientation subtest of STMS enquires about: (1) Full name, (2) Address, current location, that is, (3) Building, (4) City, and (5) State and the current date, (6) Either the day of the week or the day of the month, (7) The month, and (8) The year. Attention subtest consists of forward digit span (minimum = 4; maximum = 7). Learning subtest requires learning four items through a maximum of four trials. Arithmetic calculation contains one item each for the functions: addition, subtraction, multiplication, and division. Abstraction subtest requires interpretation of similarities. Information subtest seeks general information about miscellaneous areas. Construction subtest requires a free clock-drawing task and a cube-copying task. Recall subtests require remembering the four words learnt previously. The test requires giving general instruction to the patient initially and specific instruction is required for each subtest.

Kokmen *et al*.\[[@ref14]\] found that a threshold of 29 points (with sensitivity values of 90% or higher) was useful in classifying dementia patients from the nondemented individuals. Kokmen *et al*. found a score of 29 on STMS yielded a specificity of 91.4 and 95.5 in distinguishing 67 patients with Alzheimer\'s--Dementia from 93 neurology outpatient department patients without dementia; Again in a sample of 87 patients with dementia and 93 patients without dementia, a score of 29 on STMS yielded a sensitivity of 92.0 and a specificity of 91.4. In another analysis, it was found that in order to distinguish 76 patients with dementia and 33 patients without dementia all of whom were 60 years of age or older a score of 29 yielded a sensitivity of 94.7 and specificity of 87.9.\[[@ref14]\]

### Clock drawing test {#sec3-3}

CDT was used as an objective measure to detect MCI according to the gold standard. Here, CDT was not administered separately as Construction subtest of STMS demands free-hand construction of a clock face at 11.15. It is a very simple task; it requires auditory and visual comprehension, concentration, and memory and executive functioning such as planning and decision-making.

The same data were assessed using the Freedman\'s scoring criteria.\[[@ref17]\] Additional analysis of CDT was performed as in a single sitting it is not logical to administer CDT twice. Moreover, we did not want to tax the subject unnecessarily.

### Groningen activity restriction scale {#sec3-4}

The Groningen activity restriction scale (GARS) is a strong unidimensional hierarchical scale which contains 18 items. It measures both ADL and instrumental ADL (IADL). The reliability coefficient rho is 94. The H coefficient of 0.47 from Mokken analysis indicates that it is strong scale. GARS was found to be a valid scale with correlation ranging between 0.25 and 0.78 with several other instruments measuring physical problems and subjective health.\[[@ref18]\]

The section of community approached consisted of individuals with a minimum education of class 10 were found to be conversant in the level of the English language required for the administration of the above-mentioned tests. Hence, the tests used in the present study were used in their standard English version and were not translated.

Petersen\'s criteria {#sec2-4}
--------------------

Peterson\'s criteria\[[@ref19]\] used as the gold standard in MCI diagnosis requires the following conditions to the MCI diagnosis:

The presence of a subjective memory complaintPreserved general intellectual functioning as estimated by the performance on a vocabulary testDemonstration of memory impairment by cognitive testingIntact ability to perform ADL, andAbsence of dementia.

Procedure {#sec2-5}
---------

The study was conducted on elderly people living within the metropolitan area of Kolkata as well as the adjoining areas. They were reached through different contacts (e.g., local clubs, associations, housing complexes, and personal references). Elderly people meeting the exclusion and inclusion criteria were approached. Verbal consent from the prospective test taker and his immediate family member were taken over the telephone. With consent the screening interview was conducted. Initially, sociodemographic information was obtained using the schedule devised for the study. The presence of undiagnosed major psychiatric disorders was ruled out using the International Classification of Diseases-10 diagnostic criteria. MCI was diagnosed by the visiting psychologist using Peterson\'s criteria (2004). To identify undetected MCI, the subjective report of memory, ADL and IADL, the participants were assessed and the information was corroborated with at least one family member with whom the participant spends most of the time. Cognitive functioning along with ADL and IADL were also assessed using objective measures: CDT (with Freedman\'s 15 point scoring) and GARS, both of which have been widely used in the Indian population. At the next level, STMS along with activity level questionnaire (in original English format) was administered (other tests were also administered which do not fall in the purview of the present study). The obtained data were scored according to the standard method and subjected to statistical analysis.

Statistical analysis {#sec2-6}
--------------------

IBM SPSS version 21 (IBM Corp., Armonk, NY, USA) was used for statistical computation. Descriptive statistics was used to analyze sociodemographic variables as well as test variables. Receiver operating curve (ROC) was used to determine the optimal cutoff score of STMS and CDT based on sensitivity and specificity values. Binary logistic regression was used for identifying the change in the odds of getting a diagnosis of MCI with respect to Peterson\'s criteria.

RESULTS {#sec1-3}
=======

The data obtained from the sample of 102 elderly participants from the community in the city of Kolkata wwas analyzed initially for the sociodemographic variables using descriptive statistics. The analysis shows that the mean age of the total study group was 67.18 years (standard deviation \[SD\] = 6.12) and the mean education (in number of years) was 15.47 (SD = 2.5). The sample consisted of a total of 64 males (62.75%) and 38 females (37.25%). Using the gold standard of the international diagnostic criteria of MCI diagnosis,\[[@ref19]\] 39.2% (*n* = 40) of the elderly participants in total were detected with the presence of MCI. The mean age and mean education of the subsample diagnosed with MCI were 68.13 years (SD = 6.39) and 14.23 years (SD = 2.63), respectively; the mean age and mean education of the subsample without diagnosis of MCI were 66.21 years (SD = 6.15) and 16.35 years (SD = 2.59), respectively. Of the subsample that tested positive for MCI with Peterson\'s criteria (2004), 52.5% (*n* 1 = 21) were male and 47.5% (*n* 2 = 19) were female. The rest of the sample without diagnosis of MCI consisted of 71% (*n* 1 = 44) male and 29% (*n* 1 = 18) female. The details of descriptive analysis are presented in [Table 1](#T1){ref-type="table"}.

###### 

Graphs showing the descriptive statistics of the total sample

  Variables                Mean (years)   SD (years)   Range   Maximum   Minimum
  ------------------------ -------------- ------------ ------- --------- ---------
  Total sample (*n*=102)                                                 
   Age                     67.18          6.12         27      57        84
   Education               15.47          2.5          13      9         22
   STMS                    29.66          4.76         21      15        36
   CDT                     12.12          3.45         14      1         15

SD -- Standard deviation; STMS -- Short test of mental status; CDT -- Clock-drawing test

Receiver operating curve analysis: Sensitivity and specificity {#sec2-7}
--------------------------------------------------------------

ROC analysis of STMS suggests that a score of 34.5 on STMS has the highest sensitivity (0.975) and specificity (0.903). Scores of 31.5, 32.5, and 33.5 also shows sensitivities \>90% and considerable specificities of 41.9%, 54.8%, and 67.7%, respectively. The sensitivities and specificities of STMS are presented in [Table 2](#T2){ref-type="table"}.

###### 

Coordinates of the receiver operating curve analysis of short test of mental status scores

  STMS score   Sensitivity   Specificity
  ------------ ------------- -------------
  26.5         0.525         0.0
  27.5         0.625         0.0
  28.5         0.775         0.016
  29.5         0.825         0.129
  30.5         0.85          0.242
  31.5         0.95          0.419
  32.5         0.95          0.548
  33.5         0.95          0.677
  34.5         0.975         0.774
  35.5         1.0           0.903
  37.5         1.0           1

STMS -- Short test of mental status

To compare the effectiveness of STMS in relation to CDT in the detection of undetected MCI in community-living elderly population an ROC analysis of CDT was also computed, and a score of 14.5 was found to have the highest sensitivity (0.8) and specificity (0.645) indicating that a score of 15 may be considered as the optimum cutoff score of CDT against Petersen criteria (as gold standard) to detect MCI in a sample of the Indian elderly patients. The sensitivities and specificities of STMS are presented in [Table 3](#T3){ref-type="table"}.

###### 

Coordinates of the receiver operating curve analysis of clock-drawing test scores

  CDT score   Sensitivity   Specificity
  ----------- ------------- -------------
  12.75       0.55          0.355
  13.25       0.625         0.468
  13.75       0.7           0.532
  14.5        0.8           0.645
  16.0        1.0           1.0

CDT -- Clock-drawing test

Binomial logistic regression with backward likelihood ratio {#sec2-8}
-----------------------------------------------------------

Binomial logistic regression with backward likelihood ratio was used to find out the odds ratio of getting MCI diagnosis in the present sample. Binomial logistic regression with backward likelihood ratio (with a *P* = 0.05 for entry and a *P* = 0.01 for removal from model) was used with STMS scores as the independent variable and MCI diagnosis by Peterson criteria as the dichotomous dependent variable. \[[Table 4](#T4){ref-type="table"}\].

###### 

Binomial logistic regression with backward likelihood ratio

                *B*      Exp(*B*)   95% CI
  ------------- -------- ---------- -------------
  STMS scores   −0.724   0.485      0.361-0.651
  Constant      21.024              

STMS -- Short test of mental status; CI -- Confidence interval

DISCUSSION {#sec1-4}
==========

MCI is a condition which is a result of multiple organic as well as functional causes; it reduces one\'s quality of life and may progress to dementia-an irreversible and degenerative condition.\[[@ref20]\] A meta-analytic study on 41 cohort studies reports that following Mayo Clinic defined guidelines, 21.9%, 28.9%, and 5.2% of MCI cases progressed to dementia, AD, and vascular dementia (VaD), respectively, in population setting. Using the same guidelines, adjusted annual conversion rate of MCI to dementia, AD and VaD in community settings were found to be 4.9%, 6.8%, and 1.6%, respectively.\[[@ref21]\]

As aging is associated with decline in cognitive functioning,\[[@ref22][@ref23]\] most of the studies which have addressed the issue of MCI have focused on the elderly population. Studies also report that the prevalence of MCI increases with age.\[[@ref24][@ref25]\] Both clinical and population-based studies show a MCI prevalence of 10%--20% in people \>65 years of age.\[[@ref26]\] Keeping in the same line, most of the commonly used cognitive screening tools have been standardized for administration in the elderly population. Of the commonly used cognitive screening tools, only a few have been found to be sensitive in the detection of MCI. Currently, MoCA test has gained much attention with respect to its role in the detection of MCI in comparison to other existing tests like MMSE which is a sensitive test for dementia but not sensitive enough for detection of MCI.\[[@ref27]\] Although MoCA was found to be a sensitive tool for MCI detection, it was found to have certain limitations. Although the literature documents that requirement for higher education as the principal limitation, for the present study education was not the impeding factor as the sample selected for the present study has ≥10 years of formal education. Prior experience of administration of MoCA in the population under the study shows that some of the items under the naming test show cultural bias, and on that basis, MoCA was not selected for the present study. On the contrary, STMS was appeared to have less cultural bias and less time consuming. Like MoCA, it is also a test designed for people with \>9 years of education\[[@ref28]\] and it was deemed relatively more appropriate for the present study. Further, though STMS has gained little attention outside Mayo Clinic setting, it has been established as a highly sensitive and specific test of cognitive impairment with both sensitivity and specificity \>90%. Tang-Wai found STMS to be more sensitive in comparison to MMSE (though at the modest level) in the detection of cognitive impairment in people with normal cognition and individuals with MCI. It was also found to be "superior to MMSE" in the detection of cognitive deficits in individuals who have currently normal cognition but later on developed MCI or AD. Overall STMS reported to be "less stringent" than MoCA and "less lenient" than MMSE. Keeping this in mind, STMS was selected for the study and an attempt has been made to standardize it in the present population.

The results obtained from the analysis of data show that a score of 34.5 on STMS has the highest sensitivity 97.5% and specificity 90.3%. However, STMS scores of 31.5 onward show very high sensitivities (above 90%) but relatively low specificities that range between 41.9% and 67.7%. The only score that show both sensitivity and specificity above 90% is 34.5 indicating that a score of 34.5 may be considered as the optimum cutoff score of STMS against Petersen criteria (as gold standard) to detect MCI in a sample of Indian elderly patients. On CDT, a score of 14.5 was found to have the highest sensitivity of 80% and specificity of 64.5% indicating that a score of 14 may be considered as the optimum cutoff score of CDT against Petersen criteria (as gold standard) to detect MCI in a sample of Indian elderly patients. Other CDT scores show considerably lower sensitivities that range between 55% and 70% as well as considerably lower specificities that range between 35.5% and 53.2%. Thus, in the context of the present study, both the tests-CDT (with Freedman scoring) and STMS (Kokmen *et al*. 1987) were found to be sensitive in differentiating MCI from the rest of the sample. The mean difference in CDT scores between the groups was found to be 2.36, and the mean difference on the STMS scores was 6.71. This represents a difference of 15.73% on CDT with a total score of 15, and 18.14% difference on STMS with a total score of 37. It is also evident that the area under the curve (AUC) or the AUC for both the tests were above 0.5. An AUC of. 918 for STMS in comparison to an AUC of. 642 for CDT shows that STMS is more sensitive in detection of MCI in the present sample. Further, the probable optimal cutoff score of CDT (14.5) with a sensitivity of 80% and specificity of 64.5% show ceiling effect indicating that CDT is less sensitive in differentiating undetected MCI from no-MCI group in the elderly people. [Figure 1](#F1){ref-type="fig"} shows the sensitivities and specificities of CDT and STMS in differentiating MCI from no-MCI group as found in the present study.

![Receiver operating curves showing sensitivities and specificities of short test of mental status and clock-drawing test in differentiating mild cognitive impairment from nonmild cognitive impairment participants](IJPsy-61-184-g001){#F1}

A subanalysis for gender on the present sample shows that AUC for STMS is 0.877, and for CDT the value for the same is 0.676 in male elderly participants \[[Figure 2](#F2){ref-type="fig"}\]. [Figure 3](#F3){ref-type="fig"} shows that AUC for the female elderly participants is 0.961 for STMS and 0.636 for CDT. ROC analysis for gender also shows that STMS is more effective for the current purpose.

![Receiver operating curves showing area under the curve for short test of mental status and clock-drawing test in male elderly participants](IJPsy-61-184-g002){#F2}

![Receiver operating curves showing area under the curve for short test of mental status and clock-drawing test in female elderly participants](IJPsy-61-184-g003){#F3}

A median test for both tests also shows that for both the screening tests, the group diagnosed with MCI (using Peterson\'s criteria, 2004) exhibits lower median scores for STMS and CDT indicating that on both the tests the MCI group has lower median score, with MCI scores being considerably lower in MCI group than nonMCI group. It is represented in the box plots \[Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}\].

![A box plot showing median score for short test of mental status in mild cognitive impairment (0) and no-mild cognitive impairment Group (1)](IJPsy-61-184-g004){#F4}

![A box plot showing median score for clock-drawing test in mild cognitive impairment (0) and no-mild cognitive impairment Group (1)](IJPsy-61-184-g005){#F5}

Binomial logistic regression with backward likelihood ratio was used to find out the odds ratio of getting MCI diagnosis in the present sample. Binomial logistic regression with backward likelihood ratio (with a *P* = 0.05 for entry and a *P* = 0.01 for removal from model) was used with STMS scores as the independent variable and MCI diagnosis by Peterson criteria as the dichotomous dependent variable. STMS predicted probable MCI in 85.3% of cases in Block 1 of analysis which is an increase of 24.5% from 60.8% in Block 0 of binomial regression. A cox and Snell\'s R square of 0.492 and a Nagelkerke\'s R square of 0.666 are found which indicates that a variation between 49.2% and 66.6% in MCI diagnosis can be explained by the model in Block 1. Finally, an exponential B value of 0.485 for STMS indicates that with a unit increase in STMS score the odds of getting diagnosed with MCI is reduced by 48.5% (odds of getting MCI diagnosis decreases as B value is negative).

Going by the present findings, it is evident that STMS is a highly effective instrument for the detection of MCI in the current population. The high cutoff score of STMS found in the present study can be justified with the fact that the only available published studies in the western countries on STMS were conducted on dementia patients who were compared to patients with different neurological problems in the hospital by Kokmen *et al*.\[[@ref14]\] and Tang-Wai *et al*.\[[@ref28]\] (as mentioned in the present study). However, the present study was conducted in the community in India with no history of any psychiatric or neurological disorder. In addition, it is a study that focused exclusively on the educated middle class male and female elderly people from Kolkata. Hence, as per expectation the average STMS score was considerably higher in the present study.

Besides, as no published study on STMS has been found (in particular no standardization study in India), we have endeavored to standardize it to suite the present purpose. Moreover, the standardization of STMS is important beyond the present study since before this study; we have used STMS for clinical purpose and found it to be a suitable instrument--its difficulty level being higher than MMSE and lower than other tests like MoCA. However, the study has certain limitations. First, the sample size was relatively small. Second, the participants were evaluated on the basis of the standardized diagnostic criteria by the visiting psychologist. However, the tests were scored and rated by three different professionally qualified raters. Besides, the tests were administered only once in a single session and no repeat measure was taken. Finally, in the present study, our target population was elderly people from educated upper middle class family living in Kolkata which represents only a particular section of elderly people living in Kolkata. It is to be mentioned that the present findings reported here were obtained as a part of a larger study, and the tests used were not applicable to the illiterate and people with very low educational level. Hence, the selected sample consisted of educated upper middle class elderly people only. However, in future, sincere endeavors will be made to address the community-living elderly people with no formal education and very little education.

CONCLUSION {#sec1-5}
==========

In the present study, STMS emerged as a sensitive and specific cognitive screening tool in the detection of MCI in the current cultural setting. With a unit increase in STMS score, the odds of getting diagnosed with MCI were found to be reduced by 48.5%. A score of 34.5 with a sensitivity of 97.5 and a specificity of 90.3% were selected for the optimum cutoff score for the detection of MCI in the present population. Finally, it was also evident that STMS was also more effective in MCI detection in comparison to CDT for the purpose.
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